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INTRODUCTION

This report is a summary of studies performed by Novatronics,
Inc. on alternate ways to manufacture four different sized but

similarly constructed center core propellent bags, as follows:

TTTTT YT .

R RO o S

® 155mm, M119A1

® 155mm, M203

e 8 inch, M188

® 8 inch, M188, E2 increment 9

| These studies were conducted in accordance with the directives

i
'1 outlined per ARRADCOM contract number DAAK10-78—C-0286.12a/
g

Novatronics' goal was to study ways to achieve reductions in

1
%q manpower requirements and production costs while at the same
i

W

time increasing production output and quality. These problems
were approached in three different ways: fixturization, mech-
} N anization, and automation. These three approaches were covered

in the first report submitted to ARRADCOM entitled "Feasibility

-

Study of Alternative Fabrication Methods", January, 1979.

b

] This final report covers the mechanization approach. The report
- ’ is divided into three major sections. The first major section

j ) (2.0) covers the jury rig efforts accomplished by Novatronics

; % during this study project. The second major section (3.0) covers
Q%ﬂ two mechanization systems: the Body and Liner Assembly System

; é{ which is a viable production system, and the Body Assembly System
i

which cannot be economically justified. The third major section

(4.0) is entitled "Engineering and Ménagement Considerations."




This section covers human engineering, quality control, safety

and hazards, reliability and concludes with the savings and

R s -~

return-on-investment of the Body Liner Assembly System. Addi-
f tional information about the Body Assembly System is contained
1 in the appendix at the end of this report.
+]
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JURY RIG INVESTIGATIONS

Body and Liner Assembly System

Two separate pieces of jury rig hardware were developed to
evaluate the area of technical risk associated with the Body
and Liner Assembly System. This area of technical risk was
highlighted by ARRADCOM during the July 2, 1979 Feasibility
Study Presentation at Dover, NJ. This area of technical risk
is defined as the handling techniques of the non-homogeneous
web (cloth web with liners sewn to it) that are proposed for

the Body and Liner Assembly System.

The first jury rig simulated the pulling of the web through the
Liner Place, Sew and Creaser Station with force-loaded nip rollers
and the supply loop geoing into the Tube Sew Station (see Figure
2-1). The top nip roller was weighted with 70 pounds to simulate
a spring load (see Figure 2-2). Both nip rollers are covered
with a %-inch-thick rubber material. The bottom nip roller is

the driven roller (see Figures 2-3 and 2-4).

The web with the lead liners affixed to the web was tensioned to
greater than 5-3/4 pounds per linear inch of web width. This is
much greater (approximately 100% greater) than the maximum require-
ment for the Bodyvand Liner Assembly System. At this high web
tension the web was driven through the nip rolleré without any

sign of slippage or damage to the material. However, as the lead
liner entered the supply loop and was still held by the nip rol-
lers, it would bend and crack at the nip rollers from the weight
of the supply loop. This situation was corrected by the addition

of a curved sheet of metal which supported the liner as it exited

from the nip rollers (see Figure 2-5).




Simulated Tube Sew
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The web was manually pulled out of the supply loop over another

curved tray which represents the input to the Tube Sew Station

L e e e

(see Figure 2-6). It was also shown that with the liners attach-

ed to the web, the web can be mechanically edge guided.

The second web processing jury rig simulated the web folding
station (see Figure 2-7). The lead liners were creased down their
centerline using a method similar to that proposed for the Body

and Liner Assembly System. These creased liners were then attach-

. o

ed to the flat web with the proper spacings between liners. The

RS

web with liners (full size 155mm) was pulled out of the supply
loop over the same curved tray discussed above (see Figure 2-8).
The crease of the liner is deflected downward by a 3/8-inch dia-

meter folding rod (see Figure 2-9). The web is pulled through

m T

a pair of simulated vertical nip rollers (two curved vertical

pieces of sheet metal) that complete the fold (see Figures 2-10

and 2-11). This jury rig showed no signs of possible problem

areas.

.
[\¥]

Body Assembly System

Two separate pieces of jury rig hardware were developed to evalu-

ate three areas of technical risk associated with the Body Assembly

The areas of the technical risk were defined as:

1) Axial alignment of the body and liner assembly to the end
assembly on the flat finger

2) Concentric loading of the body and liner assemblies over
the end assemblies on the flat finger

3) 3-D end sewing of tlie tube and liner assembly to the end
assembly.

In order to evaluate the areas of technical risks identified in

1) and 2) above, a Transfer Station jury rig was developed (see

l System as defined in the Feasibility Study Report of January 1979.
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Figures 2-12 and 2-13). The jury rig consists of a flat finger,
an up/down movable pick-up head, a chain drive system with a speed
controlled motor and pneumatic valves, a regulator, and air cylin-

ders for control.

The Transfer Station jury rig actually simulated two stations:
the End Assembly Pick-up and Load Station, and the Body and
Liner Assembly Pick-up and Load Station.

Typical operation of the jury rig would be as follows. Place

a stack of end assemblies at the pick-up point at the proper
height for the pick-up head (see Figure 2-14). Turn on the
speed control motor forward to move the pick-up head to the
proper point over the end assemblies for pick-up. This is

about 1-% inches from the end of the end assembly. Activate

the pneumatic valve to cause the pick-up head to move down to
the end assembly stack (see Figure 2-14). Activate the valve

to pinch the top ply of.the end assembly. Put a screw into

the pick-up head to serve as a stop on the up stroke of the
pick-up head (this is to align the center of the end assembly
opening with the flat finger). Activate the pick-up head 1lift
valve to raise the front end of the end assembly (see Figure
2-15). Reverse the motor's direction and drive the end assembly
onto the flat finger (see Figure 2-16). Deactivate the valve to

release the end assembly.

Place a stack of body and liner assemblies at the pick-up area.
Run the motor forward until the pick-up point is over the liner-
to-tube seam (see Figure 2-17). Activate the valve to lower

the pick-up head onto the stack of body and liner assemblies.
Turn on the pincher and manually clamp the material with the
back clamp. Remove the screw from the pick-up head so that the

body and liner assembly will lift higher than the end assembly.
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Raise the pick-up head (see Figure 2-18). (If the body and liner
assembly was manually produced and was not handled up to this
point, it would have to have its sides gently squeezed to open
the assembly. Manual assemblies that have been handled as well
as simulated assemblies from the Body and Liner Assembly System
open from their own weight.) Reverse the drive motor to carry

the body and liner assembly over the end assembly (see Figure

2-19). stop and release the body and liner assembly (see Figure
2-20). This completes one operating cycle of the Transfer Station

jury rigqg.

In order to maintain axial alignment it was determined that the
end assembly, since it is out of the operator's sight, must be
mechanically maintained straight. To accomplish this a flat
finger was developed (see Figure 2-21) that would track the

seams of the end assemhly as it is being loaded onto the finger.
This tracking was accomplished by the special contour of the cross
sectional area of the flat finger. The point of the flat finger
allows for some misalignment in locating the opening of the end

assembly.

In order to accomplish concentric loading of the body and liner
agssembly over the end assembly on the flat finger, several actions
must take place. First, the end assembly must be retained on the
flat finger while the body and liner assembly is being passed over
it. This action creates frictional drag forces which tend to pull
the end assembly along with the body and liner assembly. It was
found that the end assemblies can be retained by the use of a pair
of springs as shown in Figure 2-22. Second, the placement of the
end assembly on the flat finger is important. The end of the end

assembly must not hang over the flat finger because the body and

liner assembly will catch and double it over backwards. Third,
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the body and liner assembly must be picked up at ‘wo points
along its length because of its weight (over 1-1/2 pounds). TIf

the body and liner assembly was picked up only at tae front, the

back of the assembly would drag over the end assembly during loading.

It was also determined that for the body and liner assembly to

be able to open, the front pick-up point must be immediately
adjacent to the liner-to-tube seam, otherwise the liner would

bend or buckel in the opposite direction and would not allow

D SR N

the tube to open.

Fresh, unhandled body and liner assemblies that are currently

-—

being hand produced would not repeatedly open when picked up as

described above. This is because they frequently have two folds

in the lead liner and also because these folds are not straight

Ealiate R T e T T

and therefore they resist opening. To open these, a device

U oy oy

would have to be constructed that would slightly depress both
sides of the body and liner assembly as it is hanging from the

pick-up heads to assist in opening the assembly. This will not

be necessary for body and liner assemblies that are produced on

14

WA & T e 4 Ry

the Body and Liner Assembly System because they will have only
one fold which will be straight. Alsc, they will have six
additional creases longitudinally along the liner that eliminate

any resistance to opening.

This jury rig proved the feasibility of being able to axially and

concentrically load body and liner assemblies over end assemblies.

A second jury rig was designed and built to test the feasibility

of producing a mechanized 3-D sewing system for the production
of the body assemblies (see Figure 2-23). This jury rig was
built around a Clinton #1229 sewing machine. A layout of the

initial approach is shown in Figure 2-24. The operation of the

Wpr—




Clintcon #1229 Sew Machine
»

Figure 2-23
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system was a pair of simple bang-bang servo systems. [he inputs
to the servo systems were a pair of op*ical sensors, one for each
ply of cloth, just before the sewing machine needle. The plies
of material were separated by the cloth guide which enabled

each sensor and servo svstem to control one ply. The ply posi-
tion as it was being sewn was controlled by a 3/8-inch diameter
spring loaded wheel that maintained light pressure on the cloth
against the cloth guide. This wheel is driven by timing belts
from a stepper motor that is driven by the servo system (see
Figure 2-25). The pieces being sewn were supported on a long

round bar which simulated the flat finger.

Using this approach it was determined that a production system

to automatically sew the end assembly inside of the body and
liner assembly was not feasible. Several modifications would
have to be made before this could become a workable system.
First, three of the four end assemblie; have corners that pro-
trude beyond the edge tc which the seam is spaced. TI'his causes
the edge guide system to track the corner instead of the desired
edge. On these end assemblies (155mm/M119, 155mm/M203, and the
8-inch/M188), the corners would have to be femoved on the cutting

tavle when the pieces are initially cut.

Second, the diameters of the two assemblies should be readjusted

so that the two assemblies to be joined together have the same
nominal circumference along the seam to be sewn. The current pro-
duction units do not have the same diameters and therefore have
pleats that must be manually inserted to make up for the difference
in diameters. If there is a %-inch difference between the two
diameters, the pleat ;ize will be greater than 3/4 of an jinch (prob-
ably two 3/8-inch pleats). This is because a change in diameter
creates a change in circumference of 3.14 times the change in the

diameter.
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Third, it was found that the body and liner assembly and the end
assembly, after being loaded straight into the guide and sew
head, had to be rotated synchronously with the sewing. The cloth
tube is not capable of transmitting the force from the sewing
drive to the lead liner to cause it to rotate with the sewing:
instead, it tends to twist the cloth tube which has a tendency

to pull the material out of the guiding system. Therefore, for
3-D sewing to be successful, the assemblies would have to be

driven synchronously with the sewing operation.

The cloth guide had several constraints that determined its

shape. A cross sectional view is shown below:

| B
WHEELS (. | .
.. - - 7 i i
AN —
~ 4
\\__‘..'-«.-.__« e e "_""ﬂ}
4 ' >
\ CLOTH
!,\ GUIDE
|
SEAM LINE

The cloth guide had to keep the two plies separated so that each
ply could be monitored and then controlled by the drive wheel
which was spring loaded against the center plate. The center
plate had to be short since it separated the two plates and as

the two plies were sewn together, the leading edge of the sewn

part had to pass back through tie guide for closure; therefore




the center plate could not extend between the two plies more

than the seam-to-edge distance.

The guide must also have adequate space for a folded seam (three
plies plus stitching) to freely pass, yet at the same time not
be too large for one ply. This was accomplished in the jury
rig. The problem area occurs when the system tries to sew a
cone shaped end assembly into the shape of a cylinder. This
causes the material to buckel as it enters the guide and sub-
sequently fold in the guide and thus creates edge guide pro-

blems. This prohlem was not resolved.

The last problem area was caused by the stiffness of the lead
liner. This problem only occurs on the end of the body tube

next to the lead liner. 1t was discovered that if the sewing
contour of the sewing path through the machine was different from
the path of the lead liner, the stiffness of the liner offered

too much resistance to the edge guide system and would consequently
pull the cloth out of the guide. 1In order to overcome this problem,
two possible solutions could be investigated. Both solutions are
methods to make the lead liner and sewing path line up with each
other. One solution would be to continually deform the lead liner
as it goes through the sewing path to make it conform to the sew-
ing path. The second method would change the sewing path so that
it forms an arc, and mechanically maintain the lead liner in a

round configuration so that the two line up.

From this 3-D jury rig, it was concluded that the cost of this
one operation and the potentially great reliability problems pro-
hibit mechanization and that, at this time, manual sewing is the

best method of accomplishing this complex operation.
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MECHANIZATION SYSTEMS

This section deals with a description of the feasible system

1]
for mechanization of the current handline production. Mechani-

zation involves automating the handline operations for high
volume production where bag components will be machine processed
with minimum operator assistance and product components must

remain compatible with existing designs.

Our intent is to offer a mechanization concept that requires
minimal operator assistance but, at the same time, is the most
economical means of mass producing gp.opellant bags. Novatronics,
Inc. Judged each individual operation with the intent that the
design offered in this study shall be the optimum balance of cost

effectiveness and degree of mechanization. This section is divid-

]
- L L __— [ - ]

ed into two major parts. The first is the Body and Liner Assembly
System which has an excellent return on investment. The second
is a modifiecv Bodv Assembly System which is similar to Concept II1I

presented in the January report with the exception that the auto-

mated sewing be done by the operator. This system's savings is

too small for Novatronics to recommend implementation.

when computing the labor cost for an operation throughout this
report, the current union rates, as obtained from the Bag Room
Manager, are used. Also added to the rates is a 25% additional
expense for out-of-pocket fringe benefit costs. The pay rate is
$5.79 per hour for a Sew/Piece and Inspect Operator and $6.01 for

an Auto-5Sew Operator. When the out-of-pocket fringe benefit costs

are considered, these rates become $7.24 per hour and §7.51 per

hour, respectively.
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Table 3-1 shows the performance rates of the four basic opera-
tions performed by the present bag assembly handline that is
being studied in this report.

Table 3-1
Performance Rate, Handline

Body Assembly Type

: ! 1
Operation '
155mm 155mm 8 Inch 8 Inch

Milg M203 M188 . __Increment 9

Sew Body Tube 36.2 sec/pc 44.3 sec/pc 33.6 sec/pc 11.4 sec/pc

Side Seam 99.5 pcs/hr 81.2 pcs/hr : 107.2 pcs/hr 315.2 pes/hr

l 715.7 pcs,’ 585 pcs/shift 772 pcs/shift 2268 pcs/shift

shift

Roll and 31.8 sec/pc 13.7 sec/pc . 12.5 sec/pc

Insert Liner - 113.1 pcs/hr 262.4 pcs/hr ~ 288.8 pcs/hr

814.4 pcs/ '1893.6 pcs/ ' 2079 pcs/shift

.’ shift shift

R Sew in Liner 35 sec/pc 115.4 sec/pc 130.4 sec/pc 65.2 sec/pc

: " 102.7 pcs/hr 31.2 pecs/hr 27.6 pcs/hr 55.2 pcs/hr
739 pcs/shift 224.9 pcs/ 198.4 pcs/ 397.6 pcs/shift

shift shift

f"' Sew Body 82.7 sec/pc  97.2 sec/pc  132.3 sec/pc 65.2 sec/pc

‘ Assembly 43.5 pcs/hr 37 pes/hr 27.2 pcs/hr 55.2 pcs/hr
310.7 pcs/ 266.5 pcs/ 196 pcs/shift 397.6 pcs/shift

shift shift

e

Since the labor content is so varied between bag assemblies (i.e.,
the 155mm, M203 has a labor content of 340 seconds per assembly
while the 8 inch, Increment 9 has a labor content of only 181
seconds per assembly), the necessity of knowing the quantity dis-
tribution becomes imperative. This was clarified at ARRADCOM on
September 11 during Novatronics' visit. Sixty percent of produc-
tion is for 155mm size bag assemblies while the remaining 40% is
for the 8-inch bag assemblies. There are an equal number of 155mm

M119's and M203's produced wr. le there are an equal number of 8-

inch M188's and Increment 9 assemblies produced.

TR LIE -~ PN
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After knowing the performance rate and distribution of quantities
produced it is necessary to know the total guantity of bags desired
per year. The specification states that fabrication of the four
bags should be at the rate of 10 bags per minute for three shifts.
ARRADCOM defined this to Novatronics, Inc. by telephone during
November, 1978 to be 10 bags per minute total for all bag sizes.
ARRADCOM also defined that a shift is 7.2 hours long. This is a
total of 3,110,400 bag assemblies per year, based on a 48-week
year. Using the bag production percentage and the total gquantity
of 3,110,400 bag assemblies per year, this breaks down to 1,866,240
155mm bag assemblies and 1,244,160 8-inch bag assemblies per year.

Body and Liner Assembly System Description

The Novatronics concept of a body and liner assembly machine is
one which produces body and liner assemblies in an automated mode
with semi-skilled operator functions generally limited to resupply-
ing expended material and removing finished products. A pictorial

description of this system can be found in Figure 3-1.

The output product of this system will be body and liner assem-
blies. This is a body tube seamed and sewn with its lead liner
properly placed and sewn inside the tube. The following part

numbers will be the end products of the system:

9278973 - Body and Liner Assembly for 155mm, M203
9326078 - Body for 155mm, M119al
9277176 - Body and Liner Assembly for 8-inch M188

No Part Number - Increment 9 Assembly, 9277181 less
the End Assembly 9277184 for 8-inch,
M188E2 (no part number for Body and
Liner Assembly}.

e b o oo
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The system material input is a roll of cloth whose width depends

on the diameter of the assemblies being produced, a stack of

liners, and sew machine bobbins.

This system can be divided into four semi-independent stations:
Unwind Station; Liner Place, Sew and Crease Station; Tube Sew

Station; and Cut and Stack Station (refer to Figure 3-1).

These stations are considered to be semi-independent since they
do not have to be synchronized with each other. Their only in-
terdependence is that they have adequate material supply and

adequate room for their processed material.

The Unwind Station (see Figure 3-2) dispenses a cloth web from
rolls which have been pre-slit to the desired width. It handles
20~inch wide rolls for the 155mm diameter tubes and 26-inch wide
rolls for the 8-inch diameter tubes. The web width (cloth roll
width) is the body-tube circumference. This station is capable

of handling all four bag sizes.

The Unwind Station consists of a typical motor-driven unwind stand
and a cloth take-up dancer arm. It dispenses a cloth web in re-
sponse to downstream needs. The unwinding is controlled by the
position sensing of the dancer roller in the slack take-up loop
(see Figure 3-3). The material is fed from the supply roll to

the slack take-up loop at a rate faster than the liner assembly
requires. This characteristic creates a buffer of cloth web

rendering this station asynchronous from the downstream operations.

A roll of cloth is placed on the unwind stand on a platform that
has notches to accept the shaft holding the roll. The web of cloth
is pulled off the roll by two nip rollers. The bottom roller is

motor driven., These rollers feed the cloth upon demand to the
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dancer assembly. 1In the dancer assembly a weighted roller is
mounted on two ball bushings. The roller moves up and down

on two ball bushing shafts; one on each side of the dancer assem-
bly. This allows the web to feed around the dancer roller as
needed. The web then goes around another roller which levels the
web at the working height of 40 inches. The web is kept taut
through the next station by means of weights attached to the

dancer roller.

A Shifta-Roll stand forms the base of the Unwind Station. The
Shifta-Roll stand is part of a commercially available system
made by Fife which is used for center guiding webs. There will
be two center guide systems used in the Body and Li.er Assembly

system; one will be used in the Unwind Station.

Trte unwind stand is capable of handling a 28-inch diameter roll
of cloth. 7This roll will weigh approximately 230 pounds and will
be 800 yards long. The weight of the roll plus the weight of the

dancer assembly and the web tension weights will be approxXimately

550 pounds which is well within the 800 pound 1limit of the Fife

center guide system.

A 42 rpm, 270 inch-pound gear motor will drive the web through

the nip roller and into the dancer assembly. The drive roller
is three inches in diameter and will drive the web into the
dancer assembly at the rate of 6.7 inches per second. The Liner
Place, Sew and Crease Station indexes one bag length of webbing
out of the unwind stand every 6.4 to 8.4 seconds depending upon
bag size. The time it takes to resupply this material into the

dancer assembly is shown in Table 3-2.




The number of yards of cloth per shift to be processed and the

Table 3-2. Unwind Station
155mm 155mm 8 inch 8 inch
M119 M203

3.95 ; 4.52

M188 Increment

[
M
!
]

Roll Unwind Time 4.10

1450

1.26
486

Yards/Shift 1790 : 1880

No. of Roll
'Changes/Shift 2.2 2.4

i

br e o e
o
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+
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3.1.2 L.ead Liner Place, Sew and Crease Station

! I number of roll changes per shift are also shown in this table.

The Lead Liner Place, Sew and Crease Station is comprised of four

! semi-independent assemblies: the Liner Elevator, the Liner Trans-
fer Assembly, the Liner Sew Assembly, and the Liner Crease Assembly

(see Figure 3-4).

| A stepper motor advances the proper length of cloth body material
into this station. The web is guided through the station by two
f Fife center guiding systems to insure the web is positioned with
: sufficient accuracy (approximately 0.030 inch) to allow proper

liner placement. The Liner Transfer Assembly picks up a sheet of

lead liner, aligns it, and places it on the web at the proper
location by means of edge sensors. The Liner Transfer Assembly
retracts while the two sewing machines sew the liner to the cloth
web. Simultaneously, the Liner Creaser Assembly creases the pre-

viously sewn assembly along the center line of the assembly.

When the sewing machines have sewn across the liner, they cut the
threads, lift and retract back to the starting positions. While
they are retracting to their initia) starting position, two other

operations are also occuriing. The cloth drive stepper motor
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3.1.2.1

advances the next assembly into position, and the Liner Transfer

Assembly picks up, aligns and starts the next transfer process.

The cloth web with the creased liners sewn in place is fed from
the Liner Place, Sew and Crease Station into the supply loop

for the Tube Sew Station.

Liner Elevator Assembly

The Liner Elevator Assembly is a box-like structure with a 1lift
platform. This unit maintains the stack of lead liners at a con-
stant height for the Liner Transfer Assembly by means of a liner
proximity sensor, an electric brake motor, and a drive mechanism

(see Figure 3-5).

The 1ift platform (see Figure 3-6) is driven by an electric brake
motor to two 0.5 inch ball screws. Four hardened and ground
shafts, one in each corner, stabilize the 1lift platform by means
of four ball bushings mounted to the lift platform. A hand crank
at the bottom of the assembly lets the operator adjust the size
of the lift platform for different liner sizes. An access open-
ing at the rear of the elevator allows easy lead liner replenish-

ment.

There are 31 linear inches of storage capacity which is approxi-
mately 600 pounds of lead liners. The liners can be loaded

by hand onto the 1lift platform. The hand loading operation (cal-
culated below) would take approximately 6.1 minutes: Refer to

Table 3-3 for additional elevator data.

Turn Off Station and Lower Tray 1.5 min.
Load 12 Liners(8 sec/12 liners to load) 4.1 min
Turn System On 0.5 min.

6.1 min.
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The time required to hand load the liners (see Table 3-3) still

allows for the use of a 70% efficiency factor.

These liners can be placed in a magazine and the magazine loaded

onto the 1lift platform. This would reduce downtime for liner

replenishment.

Table 3-3. Elevator Data

(iSSmm 155mm , 8 inch
{M119 M203 . _Increment 9

-t

I

{Elevator Stor-

j age Capacity i 930 372 , 744
!

| Liner Assem-
@blies per inch 30 12

No. of Liner
Refills/Shift

Liner Refill
Mime (mins) [/ .
shift . : 36.6 31.1 56.1

oY

The driver motor for the 1lift platform is a 62 rpm, 270 in-lb
notor.  The motor drives the two ball screws which elevate the
1lif% platform. 'The ball screws nave a 0.5 inch pitch. Therefore

the 1ift platform has a travel speed of 31 inches/minute.

The driving torque reguired to turn the ball screw and move the
¢00 pound load of liners can be determined by the following equa-

tion:

where
Torque (inch-pounds) Screw lead (inches/turn)

Load Ball bearing screw
efficiency (90%)




Labd

I

thus:
T = 600 lbs x 0.5 = 53 in-lbs
2 % x 0.9

Due to the high efficiency of the ball screw, a brake on the
motor is necessary to prevent the platform weight from turning
the motor backwards. The backdriving torque (torque created
by an applied load) can be found by the following equation:

PX1xe

2

T o=

600 x 0.5 %X 0.9
- N

7T = 43 in-1lbs backdriving torque

-

e critical column load for the ball screws must be considered.
"e critical column load is a function of the end bearing fixity,
unsupported length, and the screw root diameter. The critical

cclumn load can be found by the following equation:

4
Per = Cc x 14.05 x 107 25
L

where:

p s .

CR - Critical load (lbs.)

“C s End fixiry foctor

D = Minimum diameter (inches)

L Unsupported length (inches)
thus:

P

"
“+
N, 628

CRO- 1 ox 14.05 x 10"« > = 1,554 1lbs.
37.

911

~s
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The critical column load for the 1all screws used in the liner

elevator assembly is 1,554 pounds while the actual maximum

applied load per ball screw is only 320 pounds.

All mechanical devices have several natural vibration frequen-

cies. 1If a ball screw rotates at an angular velocity equal to

-

one of the bhall screw's natural frequencies, a severe vibration

will be set up in the screw. +The critical speed of ball screws
should always be considered. In tl.is application, the onerating
speed of 2 rpm's is well below the critical speed. the critical

speed can be found by the following equation:

, D
Noo= g X 4076 % 100 = 5
IJ
whaore: N = Critical specd
C, = End fixity factor
D = Mean diamcter
L = Lenat! hetween bearing supports
. 1]
tnus e
N o= 0.36 x 4.76 x 100 . 0.1 94
37.5°2
N = 845 rpm

The nreceeding calcoculations (driving torque, backdriving torgue,
critvical column loading, and critical speed) are typical of the
calculations performed at each station to determine the proper and
adegquate hardware design approach. These calculations will not

be included in tiils report:; however, tiair results can be secn

in the hardware design and selection as exhibited is this report.
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Liner Transfer Assembly

The Liner Transfer Assembly consists of a movable structure on
top of the liner elevator assembly and is driven by an electric
brake motor (see Figure 3-7). Attached to the top of the struc-
ture are two vacuum chambers which are adjustable for different
liner sizes. These vacuum chambers are actuated vertically by a
one-inch stroke air cylinder. The movable structure is driven
forward and backwards by means of a ball screw and nut from the
electric brake motor. The opposite end of the assembly is
supported by a ball bushing and a hardened and ground shaft

attached to the liner c¢levator.

The Liner Transfer Assembly motor runs at 2500 rpm with a one-
to-one ratio <o the ball screw propelling the Transfer Assembly
at 20.8 inysec. Considering the linear and rotational inertias
of the 32 pound Transfer Assembly, the PCB-260 brake can stop
the assembly in less than 1/8 inch. Assuming a repeatability
within 20%, the leading edge of all liners will be placed within

0.025 inch of the reference line.

The Liner Transfer Assembly will take approximately l1.54 seconds
to transfer the liner to the web. By the use of flow controls
(see vigure 3-8}, the up/down speed of the vacuum heads can be
controlled. It is estimated that they will be set to approxi-

mately 0.5 second up and 0.2 second down.

This station's total cycle time will be as follows:

Time (sec)
Vacuum Heads Down 0.2
Align Liner 0.8
Liner Up 0.5
Transfer to We. 1.54

3-11
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. ' Time (sec)

{ Lower Liner 0.2

. Pause During Sew Machine
Start-up

vVacuum Heads Up

Transfer to Elevator

; ' —

U [~ (@] (@]
(%)) W

.54
.78 seconds

The total cycle time is approximately 5.8 seconds. Most of the

- cycle time occurs in parallel with the liner sewing operation.

; 3.1.2.3 Liner Sew Assembly

The Liner Sew Assembly is designed to move two sewina machines
across the width of the web and sew both edges of the liner to

the web (see Figure 3-9).

The bottom structure will have® mounted to it a speed controlled
motor which directly drives a ball screw through a clutch brake.
The ball screw drives a ball nut which is affixed to the sew
machine table. Also, there are two hardened and ground shafts

i on the bottom structure used to support the weight of the sew

machine table.

: The two sewing machines are adjustably mounted on the sew

machine table. The table is supported by four linear bushing

- that slide on the hardened and ground shafts on top of the bottom

I
I
l
l
I
l

structure. Also mounted Yo this table is the sew machine drive
motor and electronic control (see FFigure 3-10). Both sew machines
run synchronously from the motor by means of a timing belt.

The sew machine table travel is controlled by adjustable limit

switches for diffcrent web widths.

3-12
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Two Singer 491 machines with changes made by MPG Manufa~turing

Co. can be used for this application. The major modification
would be to lengthen the arm and bed of the machine so that there
would be 28 inches of space to the right of the needle. The

minor modifications include the addition of the plunging pressor
foot, the removal of the feed dog, top shaft extension for an

extra timing pulley, and the addition of the needle bearing supports
on each arm and bed shaft. The bobbin of the Singer 491 will

75 yards of polyester thread, type I, class 1, size E. The number
of liners per bobbin can be found in Table 3-4. The specification

sheet on the 491 is included on the following page.

Table 3-4. Liner Sew Assembly

BAG TYPE
155mm 155mm | 8 inch 8 inch
M119 M203 M188 Increment 9
B
Sewing T'ime at 2700 spm 3
rsec) 4.4 4.4 ! 6.0 6.0
{ )
Cut Thread (sec) P 0.25 0.25 i 0.25 0.25
: i !
Return Sewing Machine* ; ( !
(sec) | 1.33 1.33 © 1.80 | 1.80
( ! !
ITndex Web* (sec) ; 1.41 l.61 ; 1.46 i 0.23 i
i ] » t
Transfer Liner* (sec) ; 1.54 ! 1.54 i 1.54 ‘ 1.54 !
- : ; i !
Lower Liner to Web(sec) | 0.2 { 0.2 o.2 g 0.2 i
: ,
total Cycle Time (sec) ;6,39 g 0.46 ' 8.25 ) 8.25 f ’
! ! | : i
No. of Sewn Liners per . i i N i
Boobin i 90 i 67 . 50 . 100 :
Time to Change Bobbins ! } : i §
(sec) .75 i 75 Y75 ' 75 ,
! f : !
Bobbin Change Time per : ! : i
Cvcle (sec) _0.83 ¢ 1.12 ! 1.5 1.5

*hese operations arc in parallel; therefore, only the longest
time is used in computing cycle time.
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Table 3.4. (Cont.)
BAG TYPE
155mm 155mm 8 inch 8 inch
M119 M203 M188 Increment 9
No. of Bobbin Changes/
Day 25 31.5 35.2 80
Cycle Time Including
Bobbin Change Time(sec./ §
assy) 7.22 7.58 9.75 g 9.75
} i
Time per Assy Including | |
Bobbin Change Time (sec./! !
assy) i7'22 7.58 2.75 ¢« 4.88
Time per Assembly f
(chain stitch) (sec./ i
assy) i6.39 ‘ 6.46 8.25 i 4.12
| ;
Cloth ocutput Rate (chaini : ;
stitch (in/sec.) _ 4.1 i 4.6 3.3 ¢ 1.0
; !
Avg. Cloth Output Rate ! 2 !
Including Bobbin Change ! i ;
in/sec.) i3.7 ' 4.0 2.8 4, 0.87
Stution Qutput Rate In- ‘ ! b
cluding Bobbin Changes :
pcs/hr) . 499 ! 475 369 738
Station Qutput Rate ! i
(chain stitch) (pcs/hr) 563 | 557 436 873 !

After modification the maximum reliable operating speed of the sew

machine will be 3000 rpm. The sew machine will be furnished with

an extra long top drive shaft for the mounting of a timing pulley.

Only one sewing machine will be driven directly from the motor

while the second machine will be driven by a timing belt from the

first machine. Only one needle positioner will be used since the

timing belts insure that both needles are syncronized.

3-14
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The sew machines will be powered by a 3/4 HP motor and needle

positioner (e.g., Quick Stop or Teledyne/Amco Variostop). It
is a variable speed motor which also controls the underbed

thread cutter and foot up operations automatically.

The sewing machine travel is a smooth continous motion, not an
incremental motion sycronized with the needles. This method of
sewing is very similar to machine quilting. The plunging pressor
foot will hold the material down to the bed of the sew machine

while the needle is in the material to prevent flagging.

The total weight of the sew table including sew machines, motor
and electronic control is approximately 275 pounds. The total
travel distance of the sew table is 27 inches maximum. The sew
table travels on two 1-', inch diameter hardened and ground sha%ts
which have a length of 64 inches between supports. Also, the 1
inch diameter 0.5 inch lead ball screw that drives the sew table

has a 40 inch span between supports.

The critical speed of the ball screw has been calculated to be
6200 rpm which is well above its maximum operating speed of 1800
rpm. While sewing, the sew table travels across the liner at 270
inches per minute which is 540 rpm of the ball screw. The return
of the sew table is at 1800 rpm which takes about 1.8 seconds to

travel the 27 inches.

At the high return speed, the 240 in-1lbs clutch brake will stop
the table in 0.012 seconds, which is 0.093 inches of travel or
67° of screw rotation. This will create 864 pounds of thrust
on the ball screw shaft bearing. The ball screw under these

operating conditions will have a life in excess of 1,000,000,000

inches of travel which is a life of 18,520,000 cycles.
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By using two 1.5 inch diameter hardened and ground shafts to
suprort the weight of the sew machine table, the dow:ward
deflection will be lass than 0.02 inch as the machines tra-

verse the middle of the shafts.

Because of the possibility of being able to sew the liner to

the web and the tube seam with chain stitching, the timing

.and rates for chain stitching are shown in Table 3-4.

Lead Liner Creaser Assembly

The Liner Creaser Assembly (see Figure 3-11 and 3-12) is a boxlike
structure that has an adjustable die to longitudinally crease the
liner down the center line after it has been sewn to the web.

This is to allow the web to fold easily for later sewing into a

tube.

The top section of the assembly moves up and down by means of an
air cylinder. The top rides on four ball bushings through four
rods giving it greater stability. Between the top section which
is movable and the bottom section which is fixed is a die. This
die consists of a steel die on t“op and a rubber die on the bottom.
The die indents the liner so that it can be easily handled during
later manual operations. The amount of indentation in the lead
liner can be controlled by the regulated air pressure to the top
die air cylinder. The creasing operation takes approximately

one second and occurs while the next liner is being sewn to the

web.

The hourly outnut rate from this station is shown in Table 3-5.
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Table 3-5.
Lead Liner Place, Sew and Crease Station Output
155mm 155mm 8 inch 8 inch
M119 M203 M188 Increment 9
“ime per Assy (Chain
stitch) (sec./assy) 6.39 6.46 8.25 8.25
Time per Assy (includ- !
ing Bobbin Change) é
(sec/assy) b7.22 7.58 9.75 4.88
No. of Bobbin Changes ?
ner Shift 25 31.5 35.2 i 80
Hourly Station Output 3 ; ;
Fate (Chain stitch) f
tocs. hry) 563 557 436 - 873
Hourly Station output ; ;
Fate Jincluding Bobbin . ‘
Caange) (pes. /hr.) 499 1 475 369 738

At the downstream end of the assembly are the pneumatic sensors
for the web center guidance system and the Kamberoller assembly
on which mounts tlie stepper motof for web indexing. ihe sensors
and the Kamberoller assemblies are supplied by Fife. The Kambe-
roller must be modified to accept the spring loaded nip roller

stepper motor drive.

The ideal web centcr guiding system would have the web totally

unsupported for eight feet from the unwind stand to the driven

spring loaded nip roller.

A one-half inch sag across this span

would bLe acceptable. Based on the span length, allowable sag

and weight of the web plus liners per foot of span, the required

amount of web tension hias been determined to be 75 pounds

(2.9

nounds per inch of web widti:).

I'rom the jury rig effort it was




ke

determined that the driven rubber covered, spri.g loaded nip
rollers have a coefficient of friction <reater than 0.9. Using

a 50% factor of safety it was determined that 125 pounds of force
are necessary in the spring of the nip rollers. This is 4.8
pounds of force applied normally per linear inch of web width.
The web with liner attached was satisfactorily tested at 6.7

pounds per inch in the jury rig set-upw with no cracking or de-

forming of the lead liner.

Tube Sew Station

The Tube Sew Station (see Figure 3-13 and 3-14) operates isde—
pendently of the Liner Place, Sew and Crease Station and the web
unwind stand. As long as there is material available in the Tube
Sew Station's material supply loon, and the Ccyt and Stack Station's

material supply loop is not full, the Tube Sew Station is able to

onerate.

The Tube Sew Station folds the web and attached creased lead liner
down the centerline of the web (controlled by the crease location),
then sews the two loose edges touether to form a tube. The web is

mechanically guided through the station.

This 2tation is mounted on a large welded frame base. At the up-
stream end of this station is the fold mechanism (see Figure 3-15).
The fold mechanism is shaped like a plough and is used to control
the direction of the fold and also to locate the crease in the
liner. The fold mechanism is adjustable to be able to handle all
four sizes. At the end of the folder are two sets of spring loaded
nip rollers (see Figure 3-13). The first set is vertically oriented
and is used to complete the fold while the second set is horizon-

tally placed and is used to bring back to the established horizon-

tal plane.
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A Singer 212 sewing machine will be used to sew the side seams

(see page 3-19a for literature on the Singer 212).

A commercially available puller such as Zero Max (see litera-
ture on page 3-19b) will be mounted on the sewing machine plate
and driven by the speed controlled sewing machine motor. This
puller is the web motivating force for the station. The sewing
machine plate is adjustable for the different web widths. A
sheet metal folder (also commercially available) can be mounted

on the front of the sewing machine.

The Tube Sew Station must not restrict the operation of the
Liner Place, Sew and Crease Station; therefore, the Tube Sew

Station must be capable of processing the product at a slightly

faster rate.

The maximum output rate of tne Liner Station is 4.6 inches per
sccond for the M203 bagy. The Tube Sew Station will run 5% faster
than the Liner Station so, for the M203 bag, the Tube Sew Station
will run at 4.8 inches per second. To accomplish this, the Tube

Sew Station sewing machine will operate at 2,880 rpm.

"he speed control for the Tube Sew Station sewing machine should
be set for each bag size to minimize the number of start and stops
of this station. See Table 3-6 for sew machine speeds and web

output rates relative to bag size.

Table 5-6.
Tube Sew Station Qutput Rates
|

! 155mm 155mm ! 8 inch‘ 8 inch

!{ M119 s M203 ;. M188 llncrmt 9
Station Qutput tate of | i i 1
Web (in/sec) P 4.3 ~’ 4.8 ! 3.46 | 1.05
Sew Machine Speed (rpm) ' 2580 | 2880 2076 § 630
System Downtime for , ' ; %
Bobbiin Change (sec) " 46.3 47 ; 42.7 i 21.8

3-19

bl ok




Twio Meedle
Fiat Bed

Lockstitch Machines

.
b

Descriptién of Class

4o

.

A

Length of Stitch

e

\.\i

!

Lubrication

i

[7zchine Soed

o

Electrical

pe RIS .
i, . PR
i
N rd
.
[N
S
. ‘ el
. p
o
‘ ‘e
1 s o
.
'
.
. '

he e

e Mty

[

1O [
Py et '(A
g LNCeS,
.
S T
-
Kl ;
.
PR A
S TRERNIR |
e B b

STTub e

. - S
AU
! b
LRy e T

TR ke
: s S
\‘!‘.3 <L
Vo

T Je. it?

.- et PR A N g i
. it d e >
ﬂl,lrf.‘:‘-'r‘:" N et
ed 53 1 o e e
T e e e
< PR o - -~ e PRE
. PRt
. ot et
I T

Features

SR TRIRY S FERVIN! AR T AT R

Noeait e 1eongved 4

RTINS

wothout distuttano the feom w5l
VERENTS BN . . HA S
[ i [ETON I RINEE 40 tu e at g

[GTIFIE LN SR e b e ety CAan b tmed
s pereeathy o the te ke
I N et I 1 [ AN Y A TS P OUL L S B

; ey ercenicCoon g
[RA WA 4

e DA A A T [ A A noan g

tagd b o [ Gy ! o et o feed
L I A G g s . t

bre R B AR y raheed at cng Ut saam.’
eyt Sl Dal G

[ { Yoo ' N ! oot ETIN cack
[ T e e T :

ERLIVNIBY

General Specifications
Mechanical

IR AR Y R R . ‘it R

orfony

e ral S unaer pre




Lo

ARTWOCD VARIABLE SPEED CLOTH PULLERS

'¢ l ARTWOOD PULLERS Featuwre The Following Qil-Less flylon Bearings to Eluninate Qi Spotting Al Parts Plated to
3 1 Erreaigte Ruet, Equiiped with 1 Kawrled and 1 Rubbor ticiier at No Addutional Cost. Belt Guard and Gear Caover

‘ Ehmrnates Theead Wrapping Shatts and Geaps Ltghtweogh! fluminum Castings in Attractive Grcy Fomsh

; L ‘

B iﬂﬂﬁﬁ 1 SREDUCERSMY

. l SHIRIMAKER MODEL  s7e0.00
- -

l ( e T A R

i . .

1 - - o TR
3 ! " -

; £

i
; o l vt acm focdel with lang hatts Especially s {
4 ‘ d sipned for chigt feant and other operations
e ; Desared 1o ebimnate puckering cacsed hy E

: Ferrpanert Bress type fabirics etc For ('nion Special 5!0('1' Singer 147 class machines, etc. c
- . T

i SPAGHETTI PULLER 265 00 |

! O S ) el '

CRVE S Lol Gl o i e =
1 {‘Mvv-w-‘w - h\
R . S T‘"‘. -
. ] » g
R 2

‘ e (ol A -
l‘ Y gt A theee goltter noodel to provide extra prull o <pagheticand
r, cother beoo  trimmings Hooan be monnted either in frant o
N tear of machane
PR | T |
'UP n s . RS .-
SUTTORT
: l |
MODEL LIIT
- - -
4 " Oae :
: [} e, i b
- » :
o0y
3 ,‘ Lol . R
" 530\‘00 tresraeed for multiple necale and other 1 achines ranmng bulky preces, Overarm support
B : cig e uwform paessare ologog entite ber th of totler Exteas tong bottom shatt with an

cetincnn 1oller acts a8 3 o eyar ta - ove aut the work

Vo for Redepread Jooong, Carpet Serqing and Rinding

, Deaperies, and ather hpavy
vork Top Shaft adjust.

to thick work and is always parallel to hottom shaft. Handle
Titte Yop Shaft for easy 'ooortion and removal of work,

| HEAVY DUTY
b0 | MODEL

< S260 00

Mode I DA 10 Ouerloek and

. ST \\ LN ather o hanes W hope
* b
,

bBapiroetal devtancs b tween

\ B ) e "",\ needle g padier dve poldtey
] ‘", a R 1 ) * . G an o 1Y an
! R ¥
r"& ¥ ~© @ ‘ * I .
e , Ao 15 i
¢ — e e A Moo b VDR Soy danger e
. - ¢ b .

machines whege hory onta)
e tanes hietweon needie and

fratlec iyve puliey o 11y
to 17 i,

: ELIMINATES PUCKERING, PULLING AND FEEDING PROBLEMS

_ .. ——— J
. O CUTTERS EXCHANGE 111G —-Nashvitie-- Atlanta—-Cleveland—Chicago - Dallas—Los Angeles (©) 1975 Cutters Exchange

-
\
i i o1

r
!

3-19b 9

v Snnaafh T

[ o




Rt

—qr-r

——— A&

e

Table 3-6. (Cont.)
Tube Sew Station Output Rates

T
155mm 155mm 8 inch ) 8 inch
| M119 M203 M188 : Incrmt 9
BobbLin Change Time/ ' ; ?
Assy {(sec/assy) bo1.7 1.94 ; 1.63 . .13
Assy ner Bobbin P27 ! 23.8 ' 26.2 | 169.4
Bowbin Cycle Time .3 min. ’ 3 min. ; 4 min. ' 12 min.
42 sec. } 23 sec. ! 21 sec. ; 12 sec.
No. Bobbin Changes/ ' i i .
Day | 83 L 88.7 ©67.3 & ‘23.6
Time/Assy (includes : ; '
Bobbin Changes) (sec) ! 9.0 9.54 ' 11.43 i 5.03
Time/Assy {(chain 7 ! . ?
stitching) o 6.39 : 6.46 8.25 4.12
liourly Output Rate ‘ g
{includes Bobbin :
Changes) (assy/hr) » 400 377 ' 315 715
flourly Gutput kate :
(chain stitch) (assv/hir}) 563 _ 557 . 436 . 873

therce arc five feet of web in “he Tube Sew Station input supply
loop. When the Tube Sew Station stops for a bobbin change the
Liner Station will continue to operate until the Tube Sew Station
material supply loop is filled. On the average there will be one-
half of the material supply left to be filled. The amount of time
that the Liner station runs to fill the Tube Sew Station supply
loowv reduces tie overall system downtime for the bobbin change.

It is estimated that a bobbin change and preparation for an over-
lap tacs will take approximately 60 seconds. The actual time the

system is down ror the bobbin change is dependent upon the bag

size and can e scen in Table 3--6.




20 yards) since it is a two needle, vertical axis, hook machine.

l The bobbins for the machine are relatively small (approximately
3

.1.4 Cut and Stack Station

The Cut and Stack Station (see Figure 3-16) cuts the web at the

proper location (with respect to the lead liner) to form the
specified body tube assembly. This station is also an asyncronous

station and operates as long as there is material available in the

S s

available in the stacker assembly to collect the body and liner

assemblies.

] cutter/stacker material supply loop and as long as there is space
I At the front of the station is the cut vosition sensor (see

Figure 3-17) which is adjustable for all bag sizes. The cut
_ ] position sensor 1is an inductive type sensor that looks for the

{ leading edge of the lead liner to trigger the cutting operation.

The cutter will be a modified Artos cutter, MLL-14-1, which 1is

vA_-.,.,A__-,fzv._A
]

a well proven, industry accepted cutter. The Artos cutter has
an inte~ral cut-to-length drive that must be modified by adding a

separate motor controlled by the cut position sensor to drive

o g = e

the web to the proper length.

A brush roller is used at the cutter assembly exit to prevent the
wels from wrinkling and to make sure that it is extended to its

;ull length for pick-up by the stacker. This brush roller (refer

T

P i to i"igure 3-16) 1is driven by the added motor on the Artos cutter

~ . through sprockets, a chain, and two spur gears (for direction

reversal).
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The stacker assembly takes the cut tubes extending from the cutter

and neatly places them in a stack on the elevator.

The stacker assembly is mounted to the body tube elevator orn one
end and to the cutter stand at the other end. Mounted to the
body tube elevator is an electric brake motor that drives the
stacker assembly (see Figure 3-18). The stacker assembly con-
sists of a set of three pincher type pick-up fingers on a movable
assembly. The outside of the movable assembly has ball bushings
which ride on hardened and ground steel shafts and in the middle

L}
is mounted a ball nut. The ball nut and screw are driven by a

chain and sprockets from the brake motor that is mounted on the
elevator. As the bag assemblies are cut, the fingers pick up
the leadirg edge of each assembly and pull them over the elevator

where they are dropped into position on the stack.

“he body tube elevator is a boxlike structure (see Figure 3-19)
which has a platform that is driven downward as the stack size
increases to maintain a constant stack height. Maintaining

a constant stack height enhances the guality of the stack and

the reliability of the operation. A constant height for the
stacking operation is achieved by means of a proximity sensor,
electric brake motor and the elevator drive mechanism (refer to
Figure 3-20). The elevator platform is driven by an electric
brake motor and two 0.5 inch ball screws and nuts. Four hardened
and ground shafts, one in each corner, stabilizes the elevator
platform by means of four ball bushings mounted to the elevator

platform.

The body and liner assemblies stack up in a tray on the elevator
platform. There is an opening in the side of the elevator assembly
that allows for easy access and removal of the tray of completed

body and liner assemblies and placement of an empty tray for the

3-22
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next production lot of bag assemblies.

Table 3-7 depicts the output rates for various bag sizes from
the Cut and Stack Station.

Table 3.7. Cut and Stack Station

155mm 155mm 8 inch 8 inch

M119 M203 M188 Increment 9
No. of Assy per inch of
Stack Height 12 5 5 5
Max Operating Capacity
of Stacker 320 130 130 130
Weight of Full Tray(lbs)| 168 224 266 60
No. of Stack Removals/
Sshift (lock stitch) 7.0 16.2 13.6 30.8
No. of Stack Removals/ ! ° '
Shift (chain stitch) | 12.7 30.8 24,1 ! 48.4

: ;
Station Output Rate { f i
(lock stitch) (assy/hr) §4oo 377 315 bo715 3,
Station Output Rate g é ;
{chain stitch) (assy/hr) {4563 557 436 1 873 !

Control System

The heart of the control system will be a programmable controller.
Programmable controllers are solid state devices which have been
designed to perform logic decisions for jndustrial control appli-
cations. Programmable controllers are used as direct replacements
for relays in solid state electronics in an industrial environ-
ment. A programmable controller will continuously monitor opera-
ting status of machine devices such as limit switches, pushbuttons,
selector switches, photo switches, etc. From this monitored status,
the controller will make logic decisions and accurately control
output devices such as solenoids, valves, motor relays, etc. on the
machine while also performing timing and counting functions. Pro-

grammable controllers have the following advantages:

3-23
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Solid-state device for maximum reliability-

e Designed to operate in hostile industrial environment
(i.e., heat, electrical transients, EMI, vibration, etc.)
without fans, airconditioning, or electrical filtering.

et ——————— ——————— e e =

. e Programmed with a simple ladder diagram language.
® Easily reprogrammed with a portable panel.

. ® Indicator lights provided at major diagnostic points to
simplify troubleshooting.

® No custom designed, one-of-a-kind, electronics.

® Maintenance is simple, based upon module replacement, and
insures minimum downtime and maximum production.

o
i ® Smaller cabinet size and floor space requirement - fits in
an 8" deep NEMA enclosure. Will easily fit in control
) console.
® Retentive memory of logic and timer/counter values.
3 ; ® Programming devices plug directly into controller.
t
A typical programmable controller can be divided into three com-
nonents. These components are the Processor, Power Supply and
an Input/Outnut (I/0) Section.
| procramm | -
PROGRAMMING /0 ASSEMBLY
‘ S
1 |  DEVICE PROCESSOR SECTIONS SYSTEM
. L. oo -
SYSTEM
< POWER WIRING
SUPPLY

]
I
1
1
|
1




The processor is a completely solid state device designed to
replace relays and timer/counters. It can also be expanded

to include computational capabilities as well as simulation

of stepper switches. The processor is programmed in a relay
ladder diagram symbology utilizing up to ten relay contacts

per rung.

The processor operates on dc power which is supplied by the
power supply. This internal dc power is also routed through
the processor to operate the I/0 section. Once the ladder
diagram program is entered into the processor, it remains
resident until deliberately changed. The orogram is unalter-

ed through power failure or power off conditions.

A wide variety of I/0 modules are available, designed either
to be output driving or input handling circuits. The input
and output modules are easily removed or plugged into their

housings.

All input and outw»nut circuits are individually isolated with
photo diodes to prevent transients on the wiring from affect-
ing the internal logic. No periodic maintenance is required.
Indicators are provided on each module to indicate the field

power status and output fuse condition. I/0 modules and

field wiring can be located in any configuration possible

wittout regard to voltage level (i.e., 115 VAC vs. 5 VTTL).

Two programmable controllers that could be used in the Body

and Liner Assembly System that have been considered are the

Gould Modicon Division model 484 and the Industrial Solid 3

State Controls, Inc., model no. IPC 90 (see following page).
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The system will be controlled from the control console as shown
in Figure 3-21 so that the operator may see the system when opera-

? ) ting the control panel.

Located on the control panel will be the master circuit braker
controlling power applied to the system, a POWER ON indicator
light, system STOP button, system RUN button, a total output

| counter, a bag length selector, an audible alert speaker with

£ t a reset button, and on top of the panel console will be running
4 i indicators lights for each station. The total output counter

| is a resettable counter that can be used to total the system's
daily output. The bag length selector is an operator select-

] able predetermining control that counts the number of increments
that the stepper motor makes in the Liner Place, Sew and Crease
; J Station. Because of the accuracy of the system, the web bag
length indexing will be to within 0.050 inch of the length

W selected by the operator. The warning indicator lights are
omni~types mounted on top of the console so that they can be
seen by both operators. They are wired in parallel with the

U warning lights at each station. These lights indicate the

need for operator attention for such things as material replen-

ishments, finished product removal, thread breaks, bobbin change,

etc.

Limit switches, proximity sensors, photo switches, and manual
(override) switches are the main control system input devices

to the programmable controller. The input signals are processed
in the controller according to preprogrammed logic. An example
of these logic equations can hbe seen seen by looking at the con-

trol equations for the Body 'i'ube Elevator Assembly (see Figure

3-20).
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The Body Tube Elevator Assembly is the assembly at the end of
the Body and Liner Assembly System that receives the finished
tubes from the cutter. It holds the tubes in a stack and auto-
matically lowers the stack tray in order to maintain a constant
distance to the top of the stack. The logic equations are as

follows:

Function Logic
Motor M431 DOWN = SW432- (SW435.Swd34 UP + SW434 DN)

Motor M431 Up SWA3T. SW434 UP. SWZd35

where:

SWXXX means SWITCH MADE

SWXXX means SWITCH NOT MADE

Switches SW431 and SW432 are the elevator top and bottom limit
switches which limit the travel distance of the tray. Switch Sw434
is a manual switch that overrides the normal operation of the ele-
vator. This switch will be used to empty the assembly of a stack
of finished body and liner assemblies and then may be used to

drive the tray back to the starting position. Switch SW435 is a

proximity sensor that detects the top of the stack.

Body Assembly System

The Body Assembly System is an indexing system that produces body
assemblies for three of the four propellent bag types in an auto-
mated mode with operator functions limited to sewing the end

assembly to the tube and resupplying expended material. An illus-

tration of this sgystem can be found in Figure 3-22.

The output of this system is body assemblies. This is a body and
liner assembly with an end assembly sewn around the ends inside

the tube.
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The following part numbers will be the end products of this

system:

~e

9326077 - Body Assembly for 155mm, M119Al
9278967 - Body and End Assembly for 155mm, M203

9277178 - Body Assembly for 8 inch, M188 (less tying straps)
The Increment 9 Assembly is too short to be processed by this machine.
The input to this system is a stack of body and liner assemblies
and a stack of end assemblies. The Body Assembly System can be
divided into six separate stations: End Assembly Pick-up Station,
Body and Liner Assembly Pick-up Station, End Sewing Station, Par-
tial Body Assembly Transfer Station, End Sewing Station (opposite

end), and a Stacking Station for finished body assemblies.

The bag assemblies are moved from station to station on flat fin-
gers (see Figure 3-23) whicp are approximately 39-inch-long and
5/16-inch-thick cantilevered beams. Different widths are used
depending upon the size of the end assembly that is being produced.
These flat fingers are mounted on bearings so that they are free

turning for sewing. At the base of the flat finger is a cam which

controls the rotation of the flat finger. At the sewing station
the cam leaves the cam guide and is free to rotate as the ends are
being sewn manually. From the jury rig effort it was determined

that until the Auto 3-D sewing could be proven feasible, the station

would have to remain a manual sew station.

The flat fingers are mounted to two rotary indexing heads (sae
Figures 3-24 and 3-25). The first index head has the End Assembly
Pick-up Station, Body and Liner Assembly Pick-up Station, End Sewing
station, and Partial Body Assembly Transfer Station where the par-

tially finished assembly is transferred to the second rotary head.
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This index head's input is from the Transfer Station and takes
the product to the second End Sewing Station for manual sewing.
After the assembly is sewn, it is carried to the Stacking Station

where it is removed and stored.

This system only shows a 9% ROI based on its estimated cost of
$60,000. Because of its low ROI, this system is not recommended

for production development.

In the appendix, we present a more detailed description of this

system along with the detailed concept drawings.
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ENGINEERING AND MANAGEMENT CONSIDERATIONS

Human Engineerjing
The Human Engineering effort has been a continuing integral

part of this feasibility study.

The principles and criteria of Human Engineering have been
applied during the development of this assembly system in
order to achieve an effective integration of man into the
design of this system. Within the requirements of this
system, a Human Engineering effort was provided to improve
the man/machine interface and to achieve’'maximum effective-
ness of personnel performance during system operation/control
and to make economical demands on manpower resources, skills,

training and costs.

For the Body and Liner Assembly System, it has been deter-
mined that two operators will be necessary. These operators
need only be semi-~skilled and have their primary functions
generally limited to resupplying expended material and re-
moving finished body and liner assemblies. These functions

can be broken down into the following categories:

Cloth roll changes
Lead liner replenishment

°
®
® Liner sew machine bobbin changes
e Tube sew machine bobbin changes
°

Body and liner assembly removals
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Each of these basic work functions have been analyzed and

time estimates to complete these tasks have been generated.

These are shown in Table 4-1 by bag size.

By studying these basic operator functions, the individual
and crew workload analysis was performed. It was determined
that the control operator is to operate the master control
panel, change the liner sew bobbins, assist in cloth roll
replenishment, and assist in finished body and liner
assembly removal. The other operator is to change tube sew
bobbins, replenish the liner elevator, assist in cloth roll
replenishment, and assist in finished body and liner assembly

removsal,

From the loading analysis, several "man travel path" draw-
ings were generated with drawing number 9331536, entitled
"Body and Liner Assembly System Man Travel Paths", evolving
as the optimum. Each line on the drawing coming from or
going to the operator represents 10 trips that would have
to be made by that operator. The numbers shown at each
location where a basic function is performed is the average

number of times that it is performed for all bag sizes,

This system will be operating in the environment of the Bag
Room, Building 1001 at I.A.A.P., Charlestown, Indiana.

4-2
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Table 4-1 Work Function Time Estimates

BAG SIZE
155mn 8 Inch
M119 | M203 M188 | Incrmt 9

Time to Change Cloth Roll

(Min/Roll) 5 5 5 5
No, of Roll Changes per

Shift 2 2 1.6 0.5
Time per Shift for Roll

Changes (Min/Shift) 10 10 8 2.5
Time to Replenish Lead

Liners (Mins/Refill) 6.1 6.1 6.1 8.0
No. of Lead Liner Replen-

ishments per Shift ;

(Refills/Shift) 2.4 5.7 4.7 10.8
Time per Shift for Liner

Replenishments (Mins/

Shift) 15 35 29 86
Time to Change Liner

Bobbins (Secs) 75 75 75 75
No, of Liner Bobbin

Changes per Shift 27.5 31.5 35.2 80
Time to Change Liner Bobbins

per Shift (Min/Shift) 34 .4 39.4 44 100
Time to Change Tube Sew

Bobbins (Secs) 60 60 60 60




Table 4-1 (Continued)

e A e e e -

BAG SIZE
155mm 8 Inch
M119 | M203 M188 |Incrmt 9
- No. of Tube Bobbin .
- Changes per Shift 83 95 70.5 26.7
; Time to Change Tube Sew
= Bobbins per Shift
| (Mins/Shift) 83 95 70.5 26.7
Time to Remove Stack of
Finished Body and Liner
Assys (Sec.) 2.3 2.3 2.3 2.3
No. of Finished Body and
Liner Assy Stack Re~
movals per Shift 7.0 l6.2 13.6 30.8
Time Spent Removing
Liner Assys per Shift
(min/Shift) 16.1 | 37.3 31.3 70.8

l Finished Body and
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The noise levels generated by the Body and Liner Agsembly
System will be at an acceptable level per industry standards.
The requirements for adequate space for the operators and
maintenance personnel and their movements were considered in

the system layout,

Adequate physical, visual, and auditory links between the
operators and the system have been planned. Each station
will have omni warning and stop lights. Each station will
have shutdown switches. Also, on the top of the control
console, omni warning and stop lights for each statioun will
be mounted along with an audible alarm mounted in the front

panel of the console,

Additional analysis of operator functions has revealed that
greater production can be achieved by changing all bobbins
at the same time rather than changing individual bobbins as
they become empty. The overall result is to increase thread

waste while reducing machine downtime and increasing bag

output.

In the production of the M203 bag assembly, the liner sew
machine has approximately 75 yards of thread per bobbin
while the tube sew machine has approximately 20 yards of
thread per bobbin. There are 31.5 bobbin changes per shift

at the Liner Sew Station and approximately 89 bobbin changes

bud ot o 0l O oy S N BN T D TN BN WY D U EER aEs  Eas
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per shift at the Tube Sew Station. This gives a ratio of
2.8 Tube Sew Station changes to 1 Liner Sew Station change.
Therefore, if the bobbins are changed at the Tube Sew Station
every time they are changed at the Liner Sew Station, an
increase in output for each shift may be realized. (the Tube
Sew Station bobbin being removed will be approximately 20%
full). This will increase the number of bobbin changes at
the Tube Sew Station from 89 to 95 per shift, but it will
reduce system downtime associated with Tube Sew Station
bobbin changes from 68 minutes per shift to 49 minutes. This
changes the average Tube Sew Station cycle time from 9.54
seconds/cycle to 9.0 seconds/cycle. This decrease in cycle
time will increase bag production to 400 asscmblies per

hour (compared to 377 per hour) and total shift output will
increase to 2,240 assemblies from 2,111 at the cost of 6-1/3
bobbins of thread. Refer to Table 4-2.
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Table 4-2 Bobbin Change Analysis

BAG TYPE
M119 M203 M188 |Incrmt 9
Bobbin Changes/Shift-
Liner Sew 25 31.5 35.2 80
Bobbin Changes/Shift-
Tube Sew 83 88.7 67.3 23.6
Ratio of:
Tube Sew Bobbin Changes
Liner Sew Bobbin Changes 3.3 2.8 1.91 0.30
New Bobbin Changes/Shift -
Liner Sew 27.5 31.5 35.2 80
New Bobbin Changes/Shift -
Tube Sew 83 95 70.5 26.7
Tube Station Bobbin Change
Downtime (Mins.) 63.5 | 68 | 47.9 8.5
i
New Tube Station Bobbin :
Change Downtime (Mins.) 63.5 49 5 25 0
Liner Station Bobbin ? !
Change Downtime (Mins.) 31.2 | - i 44 100
0 :
Q ! . .
g 3 )
25 15, f, | del
on !Qaae L Qo Qn g
QA v, O + ' O o Q-+ U
S0 QAo ; QA0 Qg
NP D Jd 0 Sl Yo
9 sl 5 | g g .4
£ ™6 >dag | O Me > Q
qdNE B HES | 3 £ f.a
Hou oV | B QU 00
> > ' > > Q
OS5I %5 | 55| &%
:53 255 | 24| E5f
638|638 [ 6388 6%
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. Table 4-2 (Continued)
l BAG TYPE
M119 | M203 M188 | Incrmt 9
. New Liner Station Bobbin
Change Downtime (Mins.) 6.2 - 44 100
' Tube Station Cycle Time 9.0 9.54 11.4 | 5.03
1
. New Tube Station Cycle Time 8.3 9.0 10.6 4.9
Liner Station Cycle Time
' (sec.) 7.2 - 9.8 4.9
New Liner Station Cycle
l Time 6.6 - 9.8 ! 4.9
]
System Output i 400 377 315 | 715
i .
' New System Output i 434 400 339 735
\ i
{ 5
: i
l No. of Bobbins Wasted 2.7 6.3 3.2 3.5 §
Assys Gained/Shift 190 | 129 | 134.4 . 112 !
2 .
=l )
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Quality Control System

The Body and Liner Assembly System has been designed to

produce items of equal or better quality than those pre-

viously made on the bag handline. Automated inspection
equipment has been designed into the system wherever
practical to reduce the need for visual/manual checks.
Sensors and detectors have been used to control machine
operations and to monitor the supply of component items;
i.e., material roll low, lead liner supply low, output
stacker near maximum capacity, etc, Other quality control
functions will be monitored such as:

1) Detect GO/NO GO on the lead liner position
prior to sewing to web.

2) Detect web edge in the Liner Place, Sew,
and Crease Station.

3) Detect thread breakage on all three sewing
machines,

4) Detect edge of web at folder.
5) Detect proper stack height in output stacker
(improper stacker activity).
When an out-of-tolerance/reject condition is sensed, the
system will stop and the appropriate warning light will

come on for operator attention. The bags that have out-

of-tolerance or reject conditions can be marked and then

removed from the system at the stacker., A black ink marking
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system can be used. The bad bags will be sprayed with black
ink and a photo detector at the stacker will sense and reject

them into an open container for possible rework.

The Body and Liner Assembly System will not be able to pro-
duce the body and liner assemblies per their existing
specifications, This is because the existing specifications
were toleranced and dimensioned for hand assembly. The
specifications will have to be updated and modified to re-

flect mechanized assembly techniques.

The two major areas of changes are the seam locations. The
liner seam locations presently are dimensioned from each
edge of the line which is the proper way for manual sewing
since the operator guides the stitching relative to each
edge, But the two liner sewing machines in the Body and
Liner Assembly System have a fixed dimension from needle

to needle for each bag size). Therefore, the drawings
for this operation should be dimensioned with one dimension

from seam to edge and one dimension from seam to seam.

The liners will not be able to overlap since they are

sewn to the web in a flat condition., If they did overlap,
they would interfere with the tube sewing process. The
155mm assemblies are adequate, but the two 8-inch assemblies
should be changed to read, "Flush to % gap.h

4-10
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Also, if the 8-inch, M188 assembly tube seam could be
changed from a LS, -2 to a SSa-2, all tube seams would be
alike. This change is not necessary but would standardize

this seam.

The present condition and the recommended condition of

these drawings are shown in Table 4-3.

4-11
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Safety and Hazards

A preliminary safety hazard analysis, which is essential
for the evaluation of potential hazards of this design

approach, has been completed.

Novatronics will establish and maintain an effective safety
program for the Body and Liner Assembly System per MIL-STD-
882A and Army Regulation No. 385-16 that is planned and

i ntegrated into all phases of development and which can be
integrated into production and operation of the Assembly
System at 1,A,A,P,

The hazard severity category which this system will meet
is Category III - Marginal (per MIL-STD-882A) which is
defined and established as:

"Conditions such that personnel error, environmental
conditions, design inadequacies, procedural‘'deficiencies,
system, subsystem or component failure or malfunction may
cause minor injury, minor occupational illness or minor
system damage."

The safety program will include the following objectives:

1. Safety consistent with the system requirements is
designed into the system in a timely, cost-effective
manner.,

2., Safety data from other systems produced by
Novatronics will be considered and used, where
appropriate.

4-14
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3., Minimum risk is involved in accepting and using of
the new Assembly System.

4. Retrofit actions required to improve safety will be
minimized through the timely inclusion of safety
features during the development of this system.

5. Modifications do not degrade the inherent safety of
this system.

The National Electrical Code which was developed mainly by

the National Fire Protection Association is widely accepted

as giving the minimum requirements for electrical equipment
to safeguard people and property from electrical hazards.
The Army Material Command has determined that electrical
equipment used in AMC establishments must comply with the
requirements of the latest edition of the National Electrical
Code. The Body and Liner Assembly System will comply with
the latest edition of the National Electrical Code per AMCR
385 (Army Material Command Safety Manual). Also, OSHA's
Occupational Safety and Health Standards, vol. 39, no. 125,
part II, subpart O, section 1910.212 entitled "General
requirements for all machines", will have special emphasis

placed on it.

4-15
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Repair and Maintenance Manual

A preventive as well as an in-process maintenance program
will be fully outlined in the Repair and Maintenance Manual
for the Body and Liner Assembly System.

The program will recommend types of maintenance as well as
frequency; it will recommend which tasks are static in
nature (system need not operate) as well as those that

must be performed while the system is running,

Procedures for establishing proper maintenance records will
be recommended and sample forms will be submitted. Man-
power requirements will be recommended, based on job des-

criptions applicable at that time at I.,A,A,P,

Contents of the Repair and Maintenance Manual will be as

indicated in the following outline:
REPAIR AND MAINTENANCE MANUAL
OUTLINE

BODY and LINER ASSEMBLY SYSTEM
105MM PROPELLENT AUTOMATED CHARGE ASSEMBLY SYSTEM

Section 1

INTRODUCTION
Scope of Manual

Manual coverage and any other applicable introductory

information.

4-16




Section 2

INSTALLATION

Scope of Section 2

Required Preparations

General requirements for siting, data needed, and pre-

installation preparations.

Installation Procedure

Detailed information on installation,

Power.

Fluid connections.

Safety considerations.,

Order of installation with references to other drawing data.
Mounting and leveling of equipment assembly.

Wiring connections and precautions.

Inspection on completion.

Equipment Adjustments

Detailed adjustments for system and individual elements,
stations, etc., as required and illustrated as necessary.

Personnel involved,

Step-by-~step procedure in required order.

4-17




System checkout.
Pre-operational lubrication, etc.
System test at completion of installation.

Section 3

PREVENTIVE MAINTENANCE

Scope of Section 3

Maintenance Schedule

Tabular and text coverage of required scheduled maintenance
defining intervals and type of maintenance.

Warnings and cautions to avoid danger or damage.
Lubrication.

Adjustment and calibrations as applicable.
Inspections.

Checkouts (if any).

Maintenance Procedures

Detailed method of accomplishing various maintenance
activities scheduled in Section 3.2.,1 above.

Shutdowns and precautions (with any notifications required
for scheduled maintenance).

Materials and supplies required.

4-18
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Forms (logs), as applicable.
Performance of checkouts, as applicable, after maintenance.
Disassembly and reassembly procedures required.
Lubrication.

Section 4

TROUBLESHOQTING AND REPAIR

Scope of Section 4

Detailed Troubleshooting

System, including Control Center.

Equipment in tabular and text form with illustxations as
regquired,

Corrective Action and Repairs

Disassembly and reassembly required.

Part or assembly replacement (reference to parts lists for
various elements).

Coverage for mechanical and electrical.
Records/forms.
Cautions and warnings.

Requirement for minimum downtime.

4-19
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Tests upon completion of repairs.

I)llustrated Table of Parts

Lists of mechanical and electrical parts providing the
following information for each part:

a) Part name
b) Part function
c¢) Manufacturer's part number

d) Vendor code or name and address of manufacturer.

Section 5

OQUTLINE OF MAJOR OVERHAUL

Scope of Section 5

Tabular and text information referencing required infor-
mation and drawings, etc,

Vendor's brochures or other pertinent information, including
interface data.

Inspections and tests to determine condition of equipment
and need for replacement.

4-20
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4.5

.5.1

System Reliability

This section contains the reliability analysis for the Body
and Liner Assembly System as required by the statement of

work, The data presented is a priori data.

A reliability prediction has been conducted by Novatronics
in order to estimate the mean-time-between-failure (MTBF)
of the system., This analysis is consistent with the
requirements of MIL-STD-756A design prediction procedures.
Appropriate K-factors are applied as pertaining to the

class of components.

Reviews shall be made at appropriate stages of development
and production to evaluate achievement of the reliability
program. The planned reviews should include, to the extent
applicable but not necessarily limited to, (1) potential
design or production (derived from reliability analyses)
problem areas, and control measures necessary to preserve
the inherent reliability, (2) effects of engineering
decisions, changes and trade-offs upon reliability achieve-
ments, potential and growth, within the functional model
framework, (3) status of subcontractors and supplier'’'s
programs, and (4) status of previously approved design
review actions. The results of reliability reviews shall

be documented.

Method of Calculations

For the calculations used in this analyais, reliability is
mathematically defined as:

R
where: R = Reliability
A = Failure rate times 1076
t

= Time of operation.

4-21




Failure rates used are all based on number of failures per
106 hours. When available failure rates were specified
for another time base, the )\ was adjuated to the 106 hour

base.

The design goal for reliability is arbitrarily set to be
95% for an 80 hour period; therefore, all calculations used

t = 80. The system reliability was calculated as follows:

R =
system R, x R2 x R3 X R4 X R, xR xR xR, xR

1 5 6 7 8 9
vwhere:

R, = Reliability of Unwind Station = 0.998656

R, = Reliability of Liner Elevator Assembly = 0.998071

R, = Reliability of Liner Transfer Assembly = 0.997317

R, = Reliability of Liner Sew Assembly = 0.982850

R_ = Reliability of Liner Creaser Assembly = 0.996186

R, = Reliability of Tube Sew Station = 0,990934

R_ = Reliability of Cut and Stack Station = 0,994279

R_ = Reliability of Body Tube Elévator Assembly = 0.997959
R_ = Reliability of Master Control Station = 0.994360

= Reliability of Body and Liner System = 0,951581

R
system

xsystem = 0.00062

Brlystem = 1612.9 hours

4-22
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Unless otherwise stated in this report, all failure rates
for electronic parts are from RADC Notebook Vol 2. When
failure rates were not available in the RADC Notebook, and
for failure rate of mechanical parts, other reliability
publications or appropriate industrial experience were

utilized in determining the failure rates.

Figure 4-1 is a mathematical model for the Body and Liner
Agsembly System. Each block shown on the figure is a major
subsystem.

The reliability number for each substation is derived from

R = e M where A is the summation of the individual

Master
Control

A = 70.70

Unwind
Station

= 16.808

Liner
Elevator

A = 24.133

Liner
Transfer

= 33.58

Cut & Stack
Assembly

Liner
Creaser

A= 47.759

Tube Sew
Station

= 113.84

Cut & Stack
Station

A = 71.716

Tube Elevator
Assembly

A = 25.5

Figure

» x 10°

4-1. Reliability Model for Body
and Liner Assembly System
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components final failure rate and t is an 80-hour operating
time.

Reliability Calculations

The quantity and type of components has been estimated as
shown in the Reliability Prediction Charts. At all times
during final design of the system, reliability enhancement

will be considered to be of prime importance.

The MTBF of the system has been calculated as follows:

MTBF =1 =1 = 1612.9 hours.

system
system 0.00062
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Parts Requirements

The following list of commercially available subassemblies

and components is based on the existing design as submitted,

Final selection of actual suppliers of standard components
will be subject to delivery and pricing terms existing at

the time purchases are made.

Any system or component improvement which, in the opinion
of Novatronics Inc., enhances performance, reliability or
appearance, may necessitate certain substitutions at the
time of fabrication. All changes will be reflected in the

final parts list following campletion of the system.

A bill of material for the following assemblies is included

in this section:

Unwind Station

Liner Elevator Assembly
Liner Transfer Assembly
Liner Sew Assembly
Liner Creaser Assembly
Tube Sew Station

Cut and Stackatation

Body Tube Elevator Assembly

4-35
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Economic Considerations

The Body and Liner Assembly System will operate 120 hours
per week with an efficiency of greater than 70%. However,
as required for this study, we used 70%. The 30% downtime
includes operator breakdown, material replenishment, un-
expected machine downtime (e.g., thread breaks, repairs,
etc.), bag size change over, etc. The 30% downtime does
not include bobbin change time since this is considered to

be part of the normal operation caring the 70% uptime.

Using the 70% efficiency factor, the available hours of

actual machine operation (machine uptime) per year is:

Machine uptime = 0.70 x ¢ DSSEIS . , shifts . . days ,o vk
shift day week r

Machine uptime = 4032 hours/year

Since 60 percent of production is dedicated to producing
the 155mm bag assemblies and the remaining 40 percent is
dedicated to 8-inch bag assembly production, the following

equations were used to find the system output for each bag
size:

(No. of 155mm bags)= (1.5) (no. of 8-inch bags)

(Avg. rate of 155mm bags) (4032 -X)= (1.5) (avg., rate of
8-inch bags) (X)

4-44
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whare:
X = total hours spent producing 8-inch bags.
Therefore:

Avg. rate of 155mm bags =

(rate of M119) [14033-X) ]+ (rate of M203) (¥), and

{£032 =X)

Avg, rate of 8-inch bags =

(rate of M188) (Z) + (rate of Incxmt, 9) (X - 2)
X

where:

Y = total hours spent producing 155mm, M203 bags
Z = total hours spent producing 8-inch, M188 bags
No. of 155mm, M119 bags = No. of 155mm, M203 bags
Rate of M119 ((4032 -X) -Y) = Rate of M203 (Y)
also:
No, of 8-inch, M188 bags = No. of 8-inch, Incrmt. 9 bags
Rate of M188 (2) = Rate of Incrmt. 9 (X - 2).

Using the system output as shown in Table 4-4, it can be seen
that this system can produce 738,536 of the 8-inch body and
liner assemblies and 1,107,844 of the 155mm body and liner

assemblies per year., To meet the total yearly requirements
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as described in Section 3.0 of this report, it will take 1.7

of these systems (refer to Table 4-5). These systems will
produce 3,692,760 body and liner assemblies per year when
operated at 70% efficiency, three shifts per day.

Drastic improvements in the output of this system could be
made if downtime associated with bobbin changes could be
eliminated. This could possibly be accomplished by the use

of chain stitch machines. Using the system output for chain

stitching as shown in Table 4-4, it can be seen that this
system can produce 958,515 of the 8-inch body and linexr
assemblies and 1,437,800 of the 155mm body and liner
assemblies pexr year. Using chain stitching, it will take
1.3 systems to meet the total yearly requirements as de-
scribed in Section 5.0 of this report on a three shift

basgis,

A summary of savings and costs relative to the use of one
Body and Liner Assembly System can be found in Table 4-4,
As can be seen, both the lock stitch and the chain stitch
systems show very good returns on investment; however, the
chain stitch system, based on one system, shows the higher

ROI because of its higher output capabilities,

It is estimated that the total development cost for the
Body and Liner Assembly System, either lock stitch or
chain stitch, will be $160,000.
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A summary of savings and costs relative to the use of the
Body and Liner Assembly Systems to meet the total productiocon
requirements of 3,110,800 body and liner assemblies per year
can be found in Table 4-5. It can be seen from the table
that there is virtually no savings in terms of ROI between
chain stitch and lock'stitch when considering the total

production requirements.
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Table 4-4. Summary of Savings and Costs for One Body an
Yearly Output/Sys. Direct Cost | Direct Cost/Yr. Savings
to Operate for Handling Over Hand-
Type 155mm 8 inch per Year to Produce line (Yr.)
Same Uuantity
Body and Liner
~ Assy. System 1,107,844 | 738,536 $77,890 $544,911 $467,021
(Lock stitch)
Body and Liner
Assy. System 1,437,800 | 958,515 $77,890 $706,160 $628,270
(Chain stitch)
Table 4-5. Summary of Savings and Costs for Body and Liner Assembly Sy
Yearly Gutput Number Direct Direct Yearly ; wumbey
Tvpe Requirements Systems | Cost to Cost for | Savings | Opecrat
Yp Required | Operate Handling | Over
155mm 8 inch per Yecar ! Handline
Body and Liner
Assy. System 1,866,240 | 1,244,160 1.7 $132,413 | $917,452 | $785,039 10.:
(Lock stitch)
Body and Liner
Aggy. System 1,866,240 1,244,160 1.3 $101,257 | $917,452 { $816,195 7.1
(Chain Stitch)




7ry of Savings and Costs for One Body and Liner Assembly System

t Cost Direct Cost/Yr. Savings No. of No. of Handline Estimated % ROI
erate for hHandling Over Hand- Uperators Operators for Equipment Based on:
Year to Produce line ({(Yr.) Same Quantity Cost Installe
Same Quantity Installed | Cost
—
,890 $544,911 $467,021 6 39.2 $160,000 170%
7,890 $706,160 $628,270 6 50.8 $165,000 220%
nd Costs for Body and Liner Assemkly Systems to Handle Total Production Requirements
Direct Direct Yearly ;Humber of | Number of | Lstimated | 35ROIL % ROI Based o
Cost to | Cost for | Savings ! Operators ' liandline |Lbkquipment | based on | Installed Cos
d | Operate Handling ! Wver Jperatore | Cost Installed | and Developme
per Year Handline Installed | Cost : Cost
t
$132,413 | $917,452 | $785,039 10.2 06 320,000 144 98%
{
$101,257 | $917,452 | $816,195 7.8 66 330,000 1457 99%
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5.0

&CONCLUSIONS AND RECOMMENDATIONS

A detailed and theoretical design analysis of the Body and Liner
Assembly System has been presented in this report. The Nova-
tronics concept of a machine to automate a presently manual
production line has been successfully tested by jury rig methods

and the feasibility of this concept is assured.

The jury rig systems proved that the Novatronics approach to

axially align and concentrically load body and liner assemblies
over end assembiieé éan bé‘échieved. However, since the concept
of the 3-D jury rig did not prove to be attainable and therefore
should remain a manual operation, the Body Assembly System only
gives a 9% return-on-investment and is not recommended for imple-

mentation,

The web handling techniques for the Body and Liner Assembly System

were also proven feasible by jury rig methods and conversion to
an automated operation employing this equipment will provide an

impressive 98% return-on-investment.

The results of the Novatronics analysis of alternative methods
for automating production show that based on an efficiency
factor of 70% and operating the equipment on a three-shift-per-
day basis, one system can producc 1,846,380 body and liner
assemblies per year*é553,922 155mm body and liner assemblies
and 369,268 8-inch body and liner assemblies). At these output
rates, only two systems are required to meet total I.A,A.P,

production requirements.

The total cost for two systems, including the nonrecurring

engineering and installation, is estimated to be $480,000.
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Based on current labor and material rates,

these two systems

will save I.,A,A.P, more than $785,000 annually over the present

manual production methods,.
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BODY ASSEMBLY SYSTEM DESCRIPTION
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Body Assembly System Operation

The Body Assembly System (see Figure A-1l) consists of two
rotary indexing heads with four arms on each, placed at 90
degree increments and driven by the same drive. The kidney
and the tubes are located in separate elevators which move
up one increment as the top piece is picked up. The arm at
the kidney elevator picks up the kidney by means of a pick-
up head moving on a ball screw nut and a ball screw rod. A
solid bar with a ball bushing is used to keep the pick-up
head stable, The pick-up device is a clincher type. It
forces a bit of cloth between a serrated wheel and a spring
loaded angle clamp. The kidney is picked up, opened and is
easily placed over the arm by means of the pickup. While
this is being accomplished at this statio»n, the next elevator
has advanced upward and the body tube is ready for placement
on the arm which is now 90 degrees from the first arm. The
kidney is already on the arm, being placed on the arm as

described above.

At this station, the tube is picked up by two pick-up heads,
one at the front and one at the back of the tube. See
Figure A-2, The pickup then lifts causing the tube to open
and, as the pickups move forward simultaneously, the tube is
placed over the kidney on the arm. The arms at this point
are riding on a cam which keeps them stable and flat. When

the arm rotates 90 degrees to the sewing machine station,
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the arm is released to turn about its own axis because there
is no cam track at this point. At this station, the end of
the tube is sewn in place by hand. The tube can be pulled
partially off the arm with the kidney inside and rotated by
the operator to conform to the speed of the sewing machine.
After the end of the tube is sewn, the operator causes the
rotary head to actuate and move 90 degrees to the Transfer
Station. A pickup then grasps the tube and slides it onto
the arm of the second rotary indexing head which moves
simultaneously with the first rotary index head. Sliding
from one arm to the other at the Transfer Station, the open
or unsewn end of the tube is now facing outward. At the
next 90 degree increment, there is another sewing station
and operator to hand sew the other end of the tube closed.
The arm is also free to turn at this station, thus simpli-
fying the sewing operation. After the tube is sewn shut at
both ends, the rotary index head moves through a 90 degree
index., At the next station or 90 degree increment, an ele-
vator stacks the completed bag by means of a pickup. The
pickup grasps the bag at the front end and slides it off the
arm to a position over the stack in the elevator where the
bag is placed on top of the stack. After the elevator stack

is filled, the stack of bags is easily removed to allow a

new stack to be filled.




Index Drive Mechanism

The Body Assembly System drive mechanism is basically two
rotary index heads with four arms on each head at 90 degree
increments. Both heads are driven by one motor which drives
an indexer (Geneva) with four stops per revolution., The
first index head is driven directly by the indexer while the
second head indexes in the same direction by a miter gear
drive from one index head to the other. Above the drive
mechanism is the actual index head with four arms at 90
degree increments. Each of these four arms has a crosspiece
with two cam followers riding on a flat cam. This keeps the
four arms stable, flat and parallel to the floor so that the
units to be transferred to the arms can be easily placed.

At the sewing station, a segment of the cam falls away
allowing the arm to rotate about its own axis by hand for
ease of sewing, When the machine rotates, the arm auto-
matically rolls by means of the cam followers until it is
parallel to the floox before it reaches the next 90 degree
increment. The arm stays level because it is fixed in the

rotary index head with two radial bearings spaced well apart.

Above the index head and placed on two bearings so that it
will not rotate is the drive for the pickup (see Figure A-3).
The pickup consists of a ball screw and a ball nut driven by
a motor on the kidney elevator through miter gears. Above

this head are solid rods and a ball bushing., The pickup
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I

point is below the screw and solid rod. It consists of a
serrated roller and a spring loaded wedge. The cloth is

forced into the space between them when the wheel rotates,
As the ball screw turns, the pickup moves along the screw

until it gets to the desired position for picking up the

cloth units or releasing them. The pickups on the second
rotary index head are driven fram the first rotary index
head through miter gears and a screw shaft. The second
rotary index head is driven from the first by means of a set
of miter gears and a shaft between them. The top section of
the rotary index head on the second drive is identical to
the first head. Thus the entire system can be driven with
only two motors; one to drive the index heads and one to

drive the pickups.

Elevators for Body Assembly System

There are three elevators in the Body Assembly System all
very similar in operation and function (see Figure A-4).

An electric motor drives two ball screws on each elevator.
Two ball nuts located on the moveable elevator platforms
drive the platforms up and down. Four round rods are placed
at each corner and the platforms have four ball bushings on
the posts, one at each corner. This givea the platform
stability and causes the platform to raise and lower parallel

to the top of the elevator. On the top and at the rear of

A-4
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the end assembiy elevator is a electric motor for driving
the ball screws. This motor drives all of the pickup ball
screws through the miter gears. The other two elevators
have bearings for the ball screws and a fixed joint mounted
over the ball screw bearings lending rigidity to the whole

structure as well as stabilizing the pickup.

Production Rate

The bag output rate of this system is heavily dependent on
the End Sewing Station which has the longest cycle time.
The End Sew Station timing is shown in Table A-1l. The

difference in cycle times is caused by the difference in

diameters and handling characteristics of the three different

bag sizes,.

Table A-1. Production Output - Body Assembly System

Activity 155mm 155mm 8 in
M119 M203 Mm188

Index Head Rotate 3.0 3.0 3.0
Load and Sew 21.0 25,0 33.0
Remove 3.0 3.0 3.0
Bobbin Change 1.1 1.1 1.7
Time Cycle (sec) 28.1 32.1 40.7
Pieces/hour 128.1 112.1 88.4




Table A-l. Production Output - Body Assembly System (continued)

Activity 155mm 155mm 8 in
M119 M203 Mlgs
Pieces/Shift 717.4 628 495.3
Pieces/year 516,528 452,160 356,616
Yearly Reqmts. 933,120 933,120 622,080
No. of Systems
Required 1.81 2.06 1.74

Table A-2 shows the direct cost per assembly produced by this

system compared to the handline.

Table A-2, Cost Comparison

— o i
Activity 155mm 155mm 8 in
M119 M203 M188
Handline Labor
Content (sec/piece) 82.7 97.2 ll6*
Body System Labor
Content (sec/piece) 56,2 64.2 8l1.4
Handline Cost/Assy
($) .184 .217 .259
Body System Cost/
Assy ($) .161 .184 .233
Handline Operators
per Shift 4,135 4.86 3.86
Body System Operators :
per Shift 3.62 4.12 3.48 i
e - A b

e Gutnd boad Sond Junid fued Suad Oumd Gum OEN GEN N S SIS BT SaE B =

* The performance rate for the 8 inch M188 is 132.3 seconds per
plece. This includes tying straps placement times. The 116
seconds per piece has been adjusted to exclude the tying strap
placement time.
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There is a requirement for 6 (5.61) Body Assembly Systems.
This would take 33.66 operators per year (11,22 operators/
shift) at a cost of $467,900 per year. The handline has
38.5 operators per year (12.85 operator/shift). The Body
Assembly System gives a yearly savings of $67,300. This is
$11,216 per system per year savings based on the specified

production requirements.

It is estimated that the Body Assembly System will cost
$60,000 each installed with the total engineering develop-
ment cost at $110,000. Based on the $60,000 installed cost,

this system has a 9% Return on Investment,

Development of the system cannot be justified at this low
ROI. Based on the $11,216 savings per year per system, the
installed system cost cannot exceed $34,000 in order to show
an ROI of 20%, It is therefore recommended that this station
not be mechanized at this time but remain a manual assembly

station,

A-7
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